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ffflT.flH .f ■ Tuimn ^n r.awM^-TWTRRFERQW RECEPTORS 
TftrBWT ff * T> field 

This invention relates to soluble, truncated 
Y -interferon receptors, and in particular to soluble, 
5 extra-cellular portions of the r interferon receptor. 

Y-Interferon, sometimes referred to herein as IFN-y, 
is a cytokine produced by activated helper T cells; it 
10 has direct effects on several cell types such as B cells, 
macrophages and T cells. It has multiple effects (Trin- 
chieri er al., TMnT^™" J&:131-136 (1985); one c: 

its most distinguishing activities is that it induces 
expression of major histocompatibility complex (MHO class 
15 i and class II genes (Kelley et al.> ,t Tinnmnol . , 
13^:240-245 (1984); Collins et al., ?rnr Nntl . ftcad , 
, usa . £1:4917-4921 (1984); Cooper et al., jL Immunol. , 
14.1:1958-1962 (1988); and Amaldi et al., ,7 , TmifflWQl ■ • 
111:999-1004 (1989)). The expression of MHC class :: 
20 genes is a hallmark of antigen-presenting cells. Expres- 
sion of class II antigens is seen in macrophages ar.a 
manure B ana T cells; ami ,-incerf eron is known -.o 
upregulate this expression. In addition, y-interferon is 
known to induce the expression of genes encoding class - 
25 antigens in cells that are not primary antigen-presentir.s 
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cells, such as epithelial cells, fibroblasts, astrocytes, • 
endothelial cells, and smooth muscle cells. Whether these 
types of cells do in fact present antigens is uncertain, 
but the induction of class II antigens in these cell types 
has been shown to correlate with the development of auto- 
immune disease (Massa et al., fmr nntl ■ Mai . »™ ' ™ > 
M :4219-4213 (1987)). Since ^-interferon is the primary 
stimulator of class II antigens, it may play an important 
part in expression of the disease state. Therefore, an 
inhibitor of ^interferon or its effects, for example one 
that acts at the receptor interface level, would have 
great potential value and utility in the treatment of 
auto-immune disease. 

Attempts have been made to inhibit the effects of 
v-interferon in mice by administering monoclonal anti- 
bodies against it (Grau et al., Ernr Wn t1 hm<l . Sex . 
BSA, 86:5572-5574 (1989)). However, in applying this 
treatment to humans, one would have to bear in mind the 
possibility that the monoclonal antibodies themselves may 
induce a neutralizing immune response that could reduce 
the effectiveness of this treatment. 

Recombinant clones expressing ^interferon receptors 
are known (see, for example, "Molecular Cloning and 
Expression of the Human Interferon-. Receptor", Aguet, G 
et al , 55:273-280 (1988)); but these provide cr.e 

whole receptor, including the cytoplasmic (intracellular, 
domain and the trans -membrane domain. The cytoplasmic 
domain may be responsible for signal transduction in t..e 
cell, and is therefore superfluous when one is seeking an 
30 IFH-r antagonist to seek out and selectively bind to ifk-t 
in the blood stream or other body fluids (e.g. synovia, 
■fluid). Moreover, the cytoplasmic domain is norma..-, 
concealed within the cell where it is inaccessible to tr.e 
inunune system; the full-length IFN-Y receptor cou ;; 
35 therefore conceivably act as an antigen by virtue of i.. 



25 
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and are therefore highly undesirable when the soluble • 
receptor is intended for use as a pharmaceutical. Our 
own work indicates that amino acid residues 6-221 do 
provide an effective receptor, but that other sequences 
5 could also be effective. 

p T^ fl ^v ot THE TNVF.NTIOH 

The invention therefore provides a soluble receptor 
for 7 -interferon, which consists of the glycosylated or 
unglycosylated extra-cellular moiety of the natural human 
10 ^interferon receptor substantially free from other 
proteins, and its functionally equivalent .variations . 
The functionally equivalent variations include not only 
naturally-occurring allelic forms, but also variations 
produced by substitution, deletion or addition of one or 
15 more (e.g. up to three) amino acid residues but retaining 
substantially the same binding activity. This soluble 
IFN-Y receptor preferably has the formula given in SEQ ID 
NO 2, wherein: 

y is a subsequence of one or more amino acid 
20 residues starting from the carboxyl terminus (Pro) of the 
sequence given in SEQ ID NO 3; 

Z is a subsequence of one or more amino acid 
residues starting from the amino terminus (He) of the 
sequence given in SEQ ID NO 4; 
25 and m, n and p are independently 0 or 1. 

This soluble receptor is thus the extracellular 
portion of the IFN-Y receptor, and it competes in a 
receptor-binding assay for IFN-Y and is an antagonist of 
the binding of IFN-Y to its cellular receptors,- i.e., it 
30 competes with the IFN-Y receptors for IFN-y- Furthermore 
it can be used in a binding assay to measure IFN-y: the 
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procedure of Example 4D below can be adapted to a solid- 
phase format for a high through-put screen for ipm-t 
antagonists . 

The Ser and Arg residues at positions 1 and 2 are 
5 encoded by a potential ribosome binding site AGCAGG 
(usually AGGAGG; cf. Shine and Dalgarno, Pror. Natl. 

sr <. osa 71.H342) (1974) (see SEQ ID NO 1) , . and 
there is an initiation codon 7-9 base pairs downstream. 
To eliminate the possibility of a false start in most 
10 prokaryotes, e.g. bacteria such as E. cell,, we prefer to 
start at the Gly residue in position 6 or at a later 
position up to position 12. In this way there may be 
provided an effective soluble IFN-y receptor comprising 
amino acid residues 12-221, or in particular longer 
15 sequences, for example from amino acid residue 1 and/or up 
to amino acid residue 231. 

A full-length cDNA clone encoding the y-interferon 
receptor (see, for example, Aguet et al., Cell, 21:273-280 
(1988) (cited above)) was directly isolated by means of 
20 the polymerase chain reaction (Friedman et al., Had* 
a ^h. R p S . 16:8718 (1988)) from a Xgtll placental cDNA 
library. The portion of the cDNA encoding the soluble 
portion of the IFH-T receptor was isolated therefrom and 
incorporated into a plasmid that expresses it. 
25 in one preferred embodiment of the invention, the 

soluble IFN-7 receptor is as defined above, wherein n is 
1, and the subsequence in Y represents the sequence given 

in SEQ ID NO 5. 

in another particularly preferred embodiment of the 
30 invention, the soluble IFN-y receptor is as defined above, 
wherein m. n and p are all 1, and the sequences 
'represented by Y and Z are completely present; i.e., u« 
soluble IPM-t receptor has the sequence of amino add 
residues 1-231. 
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«.<r«iarlv preferred embodiment of • 

the invention, the sox ^ ^ ^ ^ sequence 

above, wherein m and n are i * so iuble 

IFN-7 receptor nas v« 

1-221. ^<r«larlv preferred embodiment 

of the invention, the so± sequence 
^ove, .herein * is 0, n x. 1 «* P» » . the 

represented h* X ^ J^V™^ ^ * ? ino .c« 
soluble IFS-T receptor has tne 

residu :: rtr-r ****** 

the invention, the « ^ «» 

above, wherein . x. 0 a ^ ^ the 

sequence represented by ^ present; i.e., 

sequence represented by i sequenC e of amino acid 

the soluble IFH-T receptor has the sequ 

residues 6 " 231 - parti cularly preferred embodiments 

t Jn the soluble IFK-. receptor is as defmec 
of the invention, the soluD hat m is 1, so 

ln the two ^"^.^^LJX an initial serine 
that the sequence additionally mciua 

residue. 

25 | rn -n— °* "ia. 

, shows the ples-id pDSRS into which the DNA 

30 t6d - , <„* s the competition of the soluble 

Figure 3 depicts the com? ifn _^ 

binding on U93 / cexj.=>, 

out as described in Example 4D. 
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All references cited herein are incorporated in 
their entirety by reference. 

Expression vectors encoding and capable of producing 
5 the extracellular domain of the IFN~y receptor cDNA in 
prokaryotes were used for obtaining prokaryotic clones 
that produced the soluble (extracellular) portion of the 
IFN-y receptor. Prokaryotic cells that can be used 
include bacteria, especially E. colli many strains, of 
10 E. coli can be used in practising the present invention. 
However, the preferred E. coli strain is a leaky mutant 
that allows the soluble IFN-y receptor to escape from the 
periplasmic space into the culture medium, whence if can 
be readily isolated without the complications caused by 
15 the presence of most other E. coli proteins. The produc- 
tion of such bacteria and their use in the manufacture of 
recombinant heterologous proteins is disclosed ir. 
copending application no. 07/429,588, filed October 3:, 
1989, which is hereby incorporated by reference. 
20 ■ Several different E. coli promoters, such as Trp, 

lac, lpp, XpL, etc., can be used in the practice of tr.- 
invention. These promoters direct the expression -. : 
heterologous proteins in the cytoplasm. For effect iv* 
secretion into the periplasmic space, a signal peptic 
25 sequence such as one derived from E. coli OmpA, E. cell 
alkaline phosphatase, E. coli lipoprotein, etc., may :r 
used. The expression plasmid for prokaryotic expressirr. 
in E. coli contains a strong promoter, especially a tander 
double promoter such as lpp-lac, followed by a c::* 
30 sequence encoding a signal sequence that can transport the 
heterologous protein into the periplasmic space. This 
last DNA sequence is preferably the signal 'sequence 
derived from an E. coli outer-membrane protein, OmpA. Th« 
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signal sequence is followed by the coding sequence of the • 

IFN-T receptor cDNA. 

The construction scheme (shown in Figure 2) used in 
making this plasmid introduced one additional residue, viz 
5 serine, at the start of the mature coding sequence. A 
translation STOP codon was introduced at the end of the 
sequence encoding the predicted soluble IFN-y receptor. A 
plasmid containing these attributes, when used to 
transform a mutant E -. coli strain (e.g., the strain 
10 available from the ATCC under Accession No. 53956), 
produces a fusion protein that is composed of the OmpA 
signal sequence followed by the sequence of the soluble 
IFN-y receptor. The fusion protein is further processed 
in the periplasm to yield the mature soluble IFH-r 
15 receptor, which leaks into the culture medium. 

Eukaryotic cell-lines that can be used include 
mammalian cell-lines, e.g. COS7, NS-1 and CHO cells, and 
yeast cells; additionally, insect expression systems, 
e.g. Bombyx mori or Spodoptera xrugiperda, can be used. 
20 To demonstrate this invention, U937 cells were used 

as a convenient, source of ^-interferon receptors; 
however, the soluble receptors described herein will or 
course inhibit the binding of IFN-T to any cells that bear 
those receptors. Such cells include, for example, 5 
25 cells, T cells, eosinophils, smooth muscle cells, 
promyelocytes, macrophages, erythroid cells, monocytes, 
granulocytes, etc. 

PTfRir Tf *- vrI °rc 

Example 3 below describes the purification of the 
30 soluble IFN-y receptor from E. coli, but its procedure car. 
be adapted to the purification of the receptor from other 
sources such as eukaryotic cells, especially mammalian 
cells and yeast cells. 
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™ es were purchased from New England 
restriction enzy.es were p ^ ^ p 

Biolabs., Beverly, *»« stra tagene, LaJolla, 

5 a nd 10X buffer were purged ^ ^ ^ us 

CA . Double-stranded P*s* ^ Biochemica l 

SeqU enase Version f ^ ^ waS 

-tec, Uf . «*■ 

, het ic oligonucleotides were syn- 

The following synthetic s Bio systems 

th esi,ed by standard methods w.th an *PP 
DNA Synthesizer Model 380A: 

AB697: See SEQ ID NO 6; 

See SEQ ID NO 7; 
AB759': See « ID NO 8; 

AB812: See SEQ ID NO 9, 

AB813: See SEQ ID NO 10, 
MB700TI See SEQ ID NO 11; 
AB871JF: See SEQ ID NO 
20 4 „ cpcR) was carried out 

3 The polymerase chain reaction (P > ^j^ci^ 
as previously described (Friedmann et 
^ (1988), 16:8718). 

can be purified according to the 
4 . Human IFN-T can be p ^ comme rcially, and 

25 procedure of Example 4A or conunerC ially . For 

— • 

30 for Western blotting. 
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EXAMPLE 1. ISOLATION AND TRANSIENT EXPRE SSION OF THE 

FULL -LENGTH IEN-y RECEPTOR CI T. ONE 

The oligonucleotides AB758 and 759, given in SEQ ID* 
5 NOS 7 and 8, which are identical to the 5'- and 
3 '-untranslated regions of the IFN-y receptor cDNA 
sequence, were used in a PCR with placental cDNA library 
phage lysate essentially as previously described (Friedman 
et al., Nucl. Acids Resi (1988), 16:8718). The PCR was 
10 run with a Techne programmable Dri-Block (GRI, Essex, UK) , 
under the following conditions: denaturation at 95°C for 
2 minutes, primer annealing at 50°C for 2 minutes, and 
chain extension at 72°C for 2 minutes, all for 30 cycles, 
with a final cycle elongation at 72°C for 9 minutes. The 
15 PCR products were electrophoresed in a. 1% agarose gel, and 
a main band of approximately 1.5 kb corresponding to the 
full-length IFN-y receptor coding region was visualized by 
staining with ethidium bromide and isolated by electro- 
elution. The authenticity of the fragment was confirmed 
20 with a second PCR using the oligomer AB758, given in SEQ 
ID NO 7, as a 5' -primer and AB697, given in SEQ ID NO 6, 
as an internal primer corresponding to sequences in the 
intracellular region of the IFN-y receptor, to produce a 
fragment of approximately 1.2 kb. 
25 Restriction sites for Pst i (5') and Sail (3') were 

introduced onto the 1.5 kb full-length IFN-y receptor 
fragment with oligomers AB812 and AB813, given in SEQ ID 
NOS 9 and 10, in a PCR as described above. The resulting 
fragment was isolated, digested with Pst i and Sai l and 
,.30 ligated into P£jLI/&s_lI-diqftsted pDSRS plasmid (ATCC 
Accession No, 68232) (Fig. 1), for expression in COS7 
cells. The resulting ligation mixture was used to 
transform competent £. coli 294 (readily available from 
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E. coli Genetics Stock Center, Dept. of Biology, Yale 
University, P. 0. Box 6666, New Haven, CT 06511-7444) . 

Plasraid DNA isolated, by the alkaline lysis method 
(Birnboim and Doly, "A rapid alkaline extraction procedure 
5 for screening recombinant plasmid DNA", Nuc l . Acids Res. , 
7:1513 (1978)) from fourteen of the resulting clones was 
analysed and checked by restriction analysis and PCR. 
Seven clones contained the 1.5 kb IFN-7 receptor fragment. 
DNA from six of these seven clones was purified by 
10 cesium chloride/ethidium bromide gradient centrif ugaticn- 
(Maniatis et al.: "Molecular Cloning: A. Laboratory 
Manual", Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY) and was transfected transiently into COST 
cells (5 ug DNA/lOOmM dish) by the DEAE-dextran method 
15 essentially as . described (McCutchan and Pagano, 
"Enhancement of the infectivity of Simian Virus 40 
Deoxyribonucleic Acid with Diethylamino-ethyl-Dextran" , 

? y, nt i r» r Tn«t.. 41:351-356 (1968)). After growth 

at 37°C for 60-72 hours, the cells were harvested by mild 
20 trypsinization and resuspended to 1 x 10? cells/ml in RPMI 
medium containing 0.02% sodium azide, and kept at 4°C . 
They were then checked . for expression of the ITV-y 
receptor by the specific binding of iZSj-iabeled IFN- Y , 
using techniques described in Example 4 below. 
25 Three clones showed a marked increase in specific 

binding of "Sj-iabeled y-interferon (see Table I below) . 
Plasmid DNA from all three clones was sequenced by the 
dideoxy chain-termination method (Sanger et al., "DNA 
Sequencing with Chain-terminating Inhibitors", Proc. Nat A. 
30 ft f« 74 ' 5463-6567 (1977)); the sequence cf 

the extracellular domain was identical to the published 
sequence (Aguet et al . , supra) . 
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EXAMPLE 2. PONSTRUCTT OTJ OF pJFR105-6 FOR EXPRESSION OF 

GENE ENCODTNft SOLUBT .F, T FN -V RECEPTOR IN E. COLT 

Using a DNA fragment isolated from a cDNA library 
and coding for the 7-interferon receptor, primers were 
5 made to introduce two sites for cloning the soluble domain 
into a prokaryotic expression plasmid. Primer AB870JF, 
given in SEQ ID NO 12, was made to introduce a Hindi 1 1 
restriction site close to the amino terminus of the DNA 
(which would be the Gly in position 6); and primer 
10 AB871JF, given in SEQ ID NO 13, was made to introduce, a 
BamHI restriction site and a STOP codon, which would serve 
to isolate and define only the soluble domain of the 
molecule. (These primers isolate and define the soluble 
domain of the IFN-? receptor minus its own leader 
15 sequence; i.e., the polypeptide sequence between the 
leader sequence and the transmembrane region.) Using PCR 
technology, the DNA fragment (encoding the full-length 
receptor) and primers -were combined in a reaction mixture 
as follows: 100 pmoles primers, 25 ng DNA, 10 mM dNTPs, 
20 10 |il TAQ polymerase buffer, and 2 units TAQ polymerase. 
The system was set at 30 cycles for annealing 
denaturation and synthesis, in a total reaction volume c: 
100 |il . After the PCR, the DNA was separated on a 1 
agarose gel, and the 800 bp fragment encoding t'r.* 
25 y-interferon receptor was visualized by staining with 
ethidium bromide and isolated from the agarose. 

Plasmid p830-l (pINIII, OmpA leader) (D - Lundell 
et al., "Cytoplasmic and Periplasmic Expression of a 
Highly Basic Protein, Human Interleukin 4, in E . coli" , 
30 J. Tndust. Miprnhiol,, vol. 4 (1989), and available cr. 
. v request from R. Kastelein at DNAX Research Tnstitnrp 
Molecular and Cellular Biology, Inc., 901 California 
Avenue, Palo Alto, CA 94304-1104) contains Hindi 1 1 ar.d 
pamH I restriction sites, which were used to clone tr.e 
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IFN-y receptor fragment in frame downstream of the OmpA 
leader as follows: 20 ug of plasmid DNA was digested with 
50 units of Hindlll restriction nuclease and then with 40 
units of BamH I restriction nuclease. After digestion, the 
5 mixture of restriction fragments was run out on a 0.65% 
agarose gel; a 7.5 kb fragment representing the plasmid 
backbone was isolated. Any other appropriate plasmid 
encoding a suitable secretory signal could have been used 
instead. 

!0 The 7.5 kb fragment (0.1 ng) representing the 

plasmid backbone and 1 ug of the 800 kb fragment encoding 
the y-interferon receptor were ligated in a mixture 
containing ATP, T4 DNA ligase (100 .units), and 
dithiothreitol at 16°C and in a volume of 4 0 ul for 14 

15 hours. Half of the product was then used to transform 
CaCl 2 -prepared E. coli (K12) 294 (readily available from 
E. coli Genetics Stock Center, Dept. of Biology, Yale 
University, P. 0. Box 6666, New Haven, CT 06511-7444). 
The mixture from the transformation was plated onto 

20 ampicillin plates and incubated at 30°C for 16-24 hours. 
Several colonies were then picked and fermented, and DNA 
was isolated and analysed by digestion with the enzymes 
mentioned above f Hindi! I. B_amHI) , and the clone pJFR105-6 
was selected. 

25 The pJFR105-6 clone has the fragment inserted down- 

stream of OmpA and under the control of the lpp/lac 
promoter. The plasmid is derived from pBR322 and carries 
the LAC-I gene so that expression is inducible with 
isopropyl-thio-p-galactoside (IPTG) . 

30 EXAMPLE 3. pttbtftcatt O M nr SOLUBLE HITMAN v-INTERFERQM 

RECEPTOR FROM-J-w £OEJ 

The extracellular domain of the human IFN-r receptor 
was purified from E. coli harboring plasmid pJFR105-6. 
Cells were grown at 30°C in M9 - casamino acids mediurr. 
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[1 x M9 minimal salts (Gibco BRL No. M29800B) , 3% (w/v) 
casamino acids, 2 g/1 glucose, 0.1 g/1 thiamine, and 0.2 
g/1 magnesium sulfate] to Ae60 =1.0. IPTG was added to 
0.5 mM, and fermentation was continued at 30°C overnight 
5 (final culture A660 88 3.5). Conditioned media from a 
12-liter culture were collected and then clarified by 
centrifugation. The clarified supernatant was adjusted to 
5% (w/v) trichloroacetic acid (TCA) , and protein was 
allowed to precipitate at 4°C for 60 minutes. The 
10 insoluble fraction was collected by centrifugation at 
10,000 x g, and resuspended to 120 ml in 200 mM Tris (pH 
8) for resolubilization. After incubation at 4°C for 60 
minutes, the residue from the resolubilized fraction was 
collected by centrifugation. The supernatant was adjusted 
15 to 4 M urea, 20 mM Tris (pH 8), incubated at 4°C for 30 
minutes and then applied to a DEAE Sephadex® Fast Flow 
column (Pharmacia No. 17-0709-01), equilibrated with a 
buffer of 20 mM Tris (pH 8) , 4 M urea. The column was 
then eluted with a linear 0-0.3 M sodium chloride 
20 gradient in the same Tris/urea buffer. The soluble 
extracellular domain of the human IFN-7 receptor eluted at 
approximately 0.18 M NaCl. The soluble receptor pool was 
dialysed against 20 mM Tris (pH 8) , and applied to a 5 ml 
IFN-Y-Affigel 10 column, equilibrated with 20 mM Tris. 
25 [Human IFN-y was covalently coupled to Aff igel 10 (Biorad 
Catalog No. 153-6046), according to procedures recommended 
by the manufacturer. This affinity resin contained 4 mg 
IFN-y/ml support resin.] The column was washed with 10 ml 
0.2 M NaCl in 200 mM Tris (pH 8), and then with 10 ml 0.5 
30 M NaCl in 200 mM Tris (pH 8) . The soluble receptor was 
then eluted with 200 mM sodium carbonate buffer, pH 10.3, 
0.6 M waci. Tne fractions were neutralized and pooled, 
and then dialysed against 20 mM sodium phosphate, pH 7.5. 

This procedure yielded from 0.7 to 1 mg of soluble 
35 IFN-y receptor per 12-liter fermentation. However, about 
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50% of the soluble IFN-? receptor was present in the TCA- 
insoluble fraction. This material could be denatured and 
refolded to yield further active protein. 

EXAMPLE 4. as.cav FOR sp T.nnT.B v-TNTF.RFF.RON RECEPTORS 

5 A . PnHf<mt.< nn of Human ^-Tntprferon 

E. coli 294 harboring plasmid pGIF4-137 (a 
pBR322-based expression vector having the bacterial lipo- 
protein (lpp) promoter and encoding a human Y-interferon 
gene (amino acids 4-137 of the mature protein)) was grown 
10 in modified GC medium (20 g/1 glycerol, 30 g/1 casamino 
acids (Difco), 20 g/1 yeast extract (Difco) , 5 g/1 KH 2 P0 4 , 
and 1 g/1 MgSO^IfcO) at 37°C. At A 660 - 7-10, cells were 
harvested and lysed by sonic disruption. A cell-free 
insoluble -fraction was then isolated by centrifugation, 
15 resuspended in 20 mM Tris (pH 8) , 6 M guanidine hydro- 
chloride and 5 mM dithiothreitol, and resolubilized by 
heating at 56°C for 30 min. 

This resolubilized fraction was then loaded onto a 
3 x 90 cm Sepracyl 20Q-SF® column (Pharmacia AB) , equili- 
20 brated in 20 mM Tris ( P H 8), 6 mM guanidine hydrochloride 
at room temperature. After fractionation the fractions 
containing the y-interferon (e.g., as detected by Western 
blot analysis) were pooled, diluted 120-fold in 10 mM 
NH4OAC ( P H 7), and mixed at 4°C overnight. SP-Sephadex® 
25 resin (Sigma Chemical Co.) (10 ml as a 1:1 slurry in 20 mM 
Tris, pH 8) was added to this sample and it was mixed at 
4°C for 60 minutes. The resin was filtered off and washed 
with 10 mM NH4OAC (pH 7), and purified ^interferon was 
eluted with 1 mM Had. The purity of this ^interferon 
30 fraction was greater than 95%, as shown by SDS polyacryl- 
amide gel electrophoresis. 
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B. Labeling of Human Y~Interf eron 

* 25 I-labeled human y-interferon was prepared using 
Bolton Hunter reagent (New England Nuclear) according to 
procedures described by the supplier (the labeling 
5 reaction contained 70 ng/ml yinterf eron in 20 mM sodium * 
phosphate at pH 8) . The final reaction mixture was 
desalted by dialysis and applied to a 1 x 24 cm Sephadex 
G7 5® column equilibrated in PBS and 0.2% gelatin to 
separate polymerized ^interferon from dimer protein. The 
10 y-interferon pool f labeled to 50 Ci/mM, was stored at 4°C 
until use. 

C. Sample Preparation Using g. coli 

E. coli 7321 (ATCC Accession No. 53956), transformed 
with the plasmid pJFR105-6, was grown in nutrient medium 
15 at 37°C to A660 !• The culture was then induced with 
0.1 mM IPTG, and growth was continued at 37°C for 3 hours. 
Supernatants from induced cultures were checked for 
expression of the soluble IFN-y receptor using the binding 
assay described below, 

20 D. Binding Assay 

U-937 cells (ATCC Catalog No. CRL 1593) were 
inoculated from 5% dimethyl sulfoxide, 95% fetal bovine 
serum frozen stocks into prewarmed RPMI 1640 medium 
(Hazelton Biologies, Inc.) and then grown and passaged at 

25 37°C to cell densities not exceeding 1 x 10 6 cells/ml. 
The cells were collected by centrifugation immediately 
before use, resuspended to 1.25 x 10 7 cells/ml in RPMI 
1640 medium containing 0.02% sodium azide, and stored on 
ice . All subsequent procedures were carried out at 4°C . 

30 Receptor binding assays were performed as follows : 

lo25 x 10 6 U937 cells ^ere used per assay* (Each 
assay provided a point in Fig. 3.) The 125 I-XFN-y was 
added at 10,000 cpm equivalents. Supernatant from the 
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culture of cells transfected with plasmid T892-5B 
(expressing the gene for the soluble receptor) was added 
at increasing volumes ranging from 0 to 100 ml. Three 
components were present in the assay: U-937 cells, 
5 i25 I _i a belled IFN-y, and sample containing soluble IFN-y 
receptor. Mixtures containing two of these three com- 
ponents were incubated at 4°C for 30 minutes. The third 
component was then added and incubation was continued at 
4°C for 120 minutes. The cells were centrifuged through 
10 oil [150 nl of a 1:1 mixture of dioctyl phthalate (Aldrich 
Chemical Co.) and dibutyl phthalate (Eastman Kodak Co.)T. 
The tubes were then quick-frozen, cell pellets were excised 
from the bottom of each tube, and radioactivity associated 
with the pellets was determined in a Y-counter. 
15 By way of example, one way of carrying out the fore- 

going procedure is as follows: 

Dilutions of conditioned media suspected 
of containing soluble receptor were added (in 50 nl RPMI 
media) into wells of a 96-well microtiter plate. Labeled 
20 rinterferon (approximately 50,000 cpm in 50 M) was added 
to each well, followed by 100 m of the U-937 cell 
suspension (1.25 x 10"» cells/ml) . After incubation at 
for 2 hours, each reaction mixture was pipetted into a 0.4 
ml micro test-tube (Bio-Rad) containing 150 \il dioctyl 
25 phthalate: dibutyl phthalate (1:1). The assay tubes were 
centrifuged in a swinging bucket rotor and frozen ir. 
liquid nitrogen, and the tube tip (containing the frozen 
cell pellet separated from the reaction liquor by the oil 
layer) was excised and analysed for radioactivity in a 
30 gamma counter. Media fractions able to inhibit the 
binding of y-interferon to the U-937 cells were identifier 
as containing soluble IFN-7 receptor. 
The results are shown in Table I. 
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TABLE I 

SCREEN FOR EXPRESSION OF CLONED FULL-LENGTH 
* y- INTERF ERON RECEPTOR IN COS7 CELLS 



Expt . 
No. 


Plasmid 
No. 


Background 
Binding 
(1) 


Background 
Binding 
(2) 


Specific 
Binding 
(3) 


1 


T884-5 


1832.8 




129.8 


1703.0 


1' 


T884-5 


1560.5 




77.8 


1482.7 


2 


T886-5 


1985.0 




150.4 


1834.6 


2' 


T886-5 


2404.6 




197.6 


2207.0 


3 


T886-6 


2525.9 




230.9 


2295.0 


3' 


T886-6 


2092.8 




69.8 


2023.0 


4 


No Insert 


110.7 




136.8 


0 


4' 


No Insert 


159.4 




160.0 


0 


5 


No DNA 


125.4 




184.4 


0 


5' 


No DNA and no 158.1 




178.3 


0 




chloroquine 










(1) 
(2) 


l25 I IFN-t cpm 
125 I IFN-y cpm 


bound at 
bound at 


0.1 ug/ml unlabeled IFN-y. 
10 ug/ml unlabeled IFN-y. 



(3) Specific binding - (1) - (2) . 

Figure 3 shows the results of experiments in which 
5 the binding of the complete Y-interferon receptor on U937 
cells with Y-interferon is compared with the binding of 
the soluble Y-interferon receptor of this invention with 
Y-interferon. In this receptor binding assay, the soluble 
Y-interferon receptor, produced in £. coli, compered in a 
10 dose-dependent manner in preventing the binding of 
125 I-labelled Y-interferon to its receptors on U937 cells. 
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These data show that the soluble receptor is a 
competitive inhibitor for the binding of y-interferon to 
its cellular receptors. In laboratory test procedures 
(e.g., screening assays) using this competitive 
5 inhibition, the IFN-y or its soluble receptor can be 
tagged with a label that is able to generate a signal, 
e.g., a radiolabel or a chemical label, especially a 
fluorescent label. Moreover, by virtue of this 
competitive inhibition, the soluble -^interferon receptor 
10 of the present invention is also likely to find 
therapeutic use in the treatment of auto-immune diseases 
such as rheumatoid arthritis, multiple sclerosis, 
SjSgren's Syndrome and lupus erythematosus. 

The soluble IFN-y receptor of the invention can be 
15 administered as a pharmaceutical composition. Such com- 
positions contain a therapeutically effective amount of 
the soluble receptor of the invention and a pharmaceutical 
carrier or excipient. A pharmaceutical carrier can be any 
compatible, non-toxic substance suitable for delivering 
20 the soluble IFN-y receptor of the invention to a patient. 
Sterile water, alcohol, fats, waxes, and inert solids may 
for example be included in a carrier, and pharmaceutical^ 
acceptable adjuvants (e.g., buffering agents, dispersing 
agents) may also be incorporated. Generally, compo- 
25 sitions useful for parenteral administration of such 
drugs are well known, e.g. see Remington's Pharmaceutica l 
sciences . 14th Ed. (Mack Publishing Company, Easton, PA 
1980) . Alternatively, compositions of the invention may 
be introduced into a patient's body by an implantable 
30 drug delivery system; e.g. see Urquhart et al., Ann. Rev, 
■ Pharmacol ■ Toxicol , vol. 24, pos. 199-236 (1984). 

The soluble XFN«y receptor of the invention is 
normally administered parenterally, preferably intra- 
venously. Although the soluble IFN-y receptor is not 
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expected to be immunogenic , it is preferably administered 
slowly, either by a conventional IV administration set or 
from a subcutaneous depot. 

When administered parenterally, the soluble IFN-y 
5 receptor will normally be formulated with a pharma- 
ceutically acceptable parenteral vehicle in a unit dosage 
form suitable for injection (e.g., a solution, suspension 
or emulsion) . Such vehicles are inherently non-toxic and 
non-therapeutic. Examples of such vehicles are normal 
10 saline, Ringer's solution, dextrose solution, and Hank's 
solution. Non-aqueous vehicles such as fixed oils and 
ethyl oleate may also be used. A preferred vehicle is 5% 
dextrose/saline. The vehicle may contain minor amounts of 
additives such as substances that enhance isotonicity and 
15 chemical stability, e.g., buffers and preservatives. The 
soluble IFN-y receptor is preferably formulated in 
purified form substantially free of aggregates, degrada- 
tion products and contaminating proteins, at concentra- 
tions of about 5 to 500 jig/ml, preferably 20 to 250 ng/ml . 
20 Selecting an administration regimen for the soluble 

IFN-y receptor depends on several factors, including the 
serum turnover rate of the soluble IFN-y receptor, the 
serum level of IFN-y associated with the auto-immune 
disorder, any possible immunogenicity of the soluble IFN-y 
25 receptor, the accessibility of the target IFN-y, the 
affinity of IFN-y to its cellular receptor (s) relative to 
that of IFN-y to the soluble IFN-y receptor, and the .like. 

Determination of the proper dosage of a compound of 
the invention for a particular situation is within the 
30 skill of the art. Usually, treatment is initiated with 
dosages that are less than the optimum dose. Thereafter, 
the dosage is increased by small amounts until the optimum 
effect under the circumstances is reached. For 
convenience, the total daily dosage may be divided and 
35 administered in portions during the day if desired. 
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The amount and frequency of administration of the 
soluble IFN-7 receptor will be regulated according to the 
judgment of the attending clinician considering such 
factors as age, condition and size of the patient as well 
5 as severity of the symptoms being treated. 

According to the administration regimen, the amount 
of soluble IFN-y receptor delivered to the patient is 
preferably maximized consistent with an acceptable level 
of side effects; and the amount delivered therefore 
10 depends in part on the severity of the disease being 
treated. Preferably, the dose is in the range of about 
0.1 to 500 *ig/kg per day, more preferably about 1 to 50 
|ig/kg per day. 

A typical recommended dosage regimen is parenteral 
15 administration of from 1 *ig/day to 5 mg/day, preferably 20 
jig/day to .1 mg/day, in two to four divided doses to 
achieve relief of the auto-immune symptoms. 

The descriptions of the foregoing embodiments of the 
invention have been presented for purpose of illustration 

20 and description. They are not intended to be exhaustive 
or to limit the invention to the precise forms disclosed, 
and obviously many modifications and variations are 
possible in the light of the above teachings. The embodi- 
ments were chosen and described to explain the principles 

25 of the invention and its practical application, so that 
others skilled in the art would thereby be enabled to use 
and practise appropriately such embodiments and modifica- 
tions of the invention as are suited to the particular use 
contemplated. It is intended that the scope of the 

30 invention be defined by the claims appended hereto. 
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SEQUENCE LISTING 



SEQ ID NO: 1 



SEQUENCE TYPE: DNA Sequence with corresponding amino acid 
sequence 

5 SEQUENCE LENGTH: 735 bases; 245 amino acid residues 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULE TYPE: DNA molecule and encoded protein/poly- 
peptide 

10 ORIGINAL SOURCE ORGANISM: Human 

PROPERTIES: Soluble receptor for Y"i n terferon 
FEATURES : 

from 1 to 42: DNA encoding leader sequence 
from 43 to 735: DNA encoding human mature soluble 
15 gamma-Interferon receptor 

ATG GCT CTC CTC TIT CTC CTA CCC CTT GTC ATG CAG GGT GTG 42 
Met Ala Leu Leu Phe Leu Leu Pro Leu Val Met Gin Gly Val 
-10 -5 

AGC AGG GCT GAG ATG GGC ACC GOG GAT CTG GGG COG TCC TCA GTG 87 
20 Ser Arg Ala Glu Met Gly Thr Ala Asp Leu Gly Pro Ser Ser Val 
15 10 15 

CCT ACA CCA ACT AAT GIT ACA ATT GAA TCC TAT AAC ATG AAC CCT 132 
Pro Thr Pro Thr Asn Val Thr He Glu Ser Tyr Asn Met Asn Pro 
20 25 30 

25 ATC GTA TAT TGG GAG TAC CAG ATC ATG CCA CAG GTC OCT GTT TTT 177 
1 lie Val Tyr Trp Glu Tyr Gin He Met Pro Gin Val Pro Val Phe 
35 40 45 

ACC GTA GAG GTA AAG AAC TAT GGT GTT AAG AAT TCA GAA TGG ATT 222 
Kir Val Glu Val Lys Asn Tyr Gly Val Lys Asn Ser Glu Trp He 
30 50 55 60 

GAT GCC TGC ATC AAT ATT TCT CAT CAT TAT TGT AAT ATT TCT GAT 267 

Asp Ala Cys He Asn He Ser His His Tyr Cys Asn He Ser Asp 
65 70 75 



WO 91/16431 



PCT/US91/02618 



-23- 



10 



15 



20 



25 



30 



CAT GTT GGT GAT OCA. TCA ART TCT CTT TGG GTC AGA GTT AAA GCC 
His Val Gly Asp Pro Ser Asn Ser Leu Trp Val Arg Val Lys Ala 
80 85 90 

AGG GTT GGA CAA AAA GAA TCT GCC TAT GCA AAG TCA GAA GAA TTT 
Arg Val Gly Gin Lys Glu Ser Ala Tyr Ala Lys Ser Glu Glu Phe 
y 95 100 105 

GCT GTA TGC CGA GAT GGA AAA ATT GGA CCA OCT AAA CTG GAT ATC 
Ala Val Cys Arg Asp Gly Lys He Gly Pro Pro Lys Leu Asp He 
110 115 120 

AGA AAG GAG GAG AAG CAA ATC ATG ATT GAC ATA TTT CAC CCT TCA 
Arq Lys Glu Glu Lys Gin He Met He Asp He Phe His Pro Ser 
125 130 135 

GTT TTT GTA ART GGA GAC GAG CAG GAA GTC GAT TAT GAT GCC GAA 
Val Phe Val Asn Gly Asp Glu Gin Glu Val Asp Tyr Asp Pro Glu 
140 145 150 

ACT ACC TGT TAC ATT AGG GTG TAC AAT GTG TAT GTG AGA ATG AAC 
Thr Thr Cys Tyr He Arg Val Tyr Asn Val Tyr Val Arg Met Asn 
155 160 165 

GGA AGT GAG ATC CAG TAT AAA ATA CTC ACG CAG AAG GAA GAT GAT 
Glv Ser Glu He Gin Tyr Lys He Leu Thr Gin Lys Glu Asp Asp 
* 170 175 180 

TGT GAC GAG ATT CAG TGC CAG TTA GOG ATT CCA GTA TCC TCA CTG 
Cvs Asp Glu He Gin Cys Gin Leu Ala He Pro Val Ser Ser Leu 
* 185 190 195 

AAT TCT CAG TAC TGT GTT TCA GCA GAA GGA GTC TTA CAT GTG TGG 
Asn Ser Gin Tyr Cys Val Ser Ala Glu Gly Val Leu His Val Trp 
200 205 210 

GGT GTT ACA ACT GAA AAG TCA AAA GAA GTT TGT ATT ACC ATT TTC 
Glv Val Thr Thr Glu Lys Ser Lys Glu Val Cys He Thr He Phe 
3 215 220 225 

AAT AGC AGT ATA AAA GGT. 
Asn Ser Ser He Lys Gly. 

230 



312 



357 



402 



447. 



492 



537 



582 



627 



672 



71' 



735 



WO 91/16431 



PCT/US91/02618 



-24- 

SEQ ID NO: 2 

SEQUENCE TYPE: Amino acid sequence 

SEQUENCE LENGTH: 231 amino acid residues 

STRANDEDNESS : single 

5 TOPOLOGY: linear 

MOLECULE TYPE: protein/polypeptide 

ORIGINAL SOURCE ORGANISM: Human 

PROPERTIES: Soluble receptor for ^interferon 
(no leader sequence) 

10 For {Xaa)n and (Xaa)p see SEQ ID NOS 3 and 4 respectively 

(Ser)n» (Xaa)/] Ser Ser Val Pro Thr Pro Thr Asn Val Thr lie -Glu 
1 13 15 20 

Ser Tyr Asn Met Asn Pro lie Val Tyr Trp Glu Tyr Gin lie Met 
25 30 35 

15 Pro Gin Val Pro Val Phe Thr Val Glu Val Lys Asn Tyr Gly Val 
40 45 50 

Lys Asn Ser Glu Trp He Asp Ala Cys He Asn He Ser His His 
55 60 65 

Tyr Cys Asn He Ser Asp His Val Gly Asp Pro Ser Asn Ser Leu 
20 70 75 80 

Trp Val Arg Val Lys Ala Arg Val Gly Gin Lys Glu Ser Ala Tyr 
85 90 95 

Ala Lys Ser Glu Glu Phe Ala Val Cys Arg Asp Gly Lys He Gly 
100 105 110 

25 Pro Pro Lys Leu Asp He Arg Lys Glu Glu Lys Gin He Met He 
115 120 125 

Asp He Phe His Pro Ser Val Phe Val Asn Gly Asp Glu Gin Glu 
130 135 140 

Val Asp Tyr Asp Pro Glu Thr Thr Cys Tyr He Arg Val Tyr Asn 
30 145 150 155 

Val Tyr Val Arg Met Asn Gly Ser Glu He Gin Tyr Lys lie Leu 
160 165 170 

Thr Gin Lys Glu Asp Asp Cys Asp Glu He Gin Cys Gin Leu Ala 
175 180 185 

35 He Pro Val Ser Ser Leu Asn Ser Gin Tyr Cys Val Ser Ala Glu 
190 1S5 200 

Gly Val Leu His Val Trp Gly Val Thr Thr Glu Lys Ser Lys Glu 
205 210 215 

Val Cys (Xaa)p 
40 220 
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SEQ ID NO: 3 

SEQUENCE TYPE: Amino acid sequence represented by (Xaa) n 
in SEQ. ID. NO. 2 

SEQUENCE LENGTH: 11 amino acid residues 
5 STRANDEDNESS : single 
TOPOLOGY: linear 
MOLECULE TYPE: polypeptide 
ORIGINAL SOURCE ORGANISM: Human 

PROPERTIES: amino acid residues nos. 2 to 12 of soluble 
10 receptor for ^interferon 

Arg Ala Glu Met Gly Thr Ala Asp Leu Gly Pro . 
5 10 



SEQ ID NO: 4 

SEQUENCE TYPE: Amino acid sequence represented by <Xaa) D 
15 in SEQ. ID. NO. 2 

SEQUENCE LENGTH: 10 amino acid residues 

STRANDEDNESS ; single 

TOPOLOGY: linear *- 

MOLECULE TYPE: polypeptide 

20 ORIGINAL SOURCE ORGANISM: Human 

PROPERTIES: amino acid residues nos. 222 to 231 of soluble 
receptor for y-interferon 

lie Thr lie Phe Asn Ser Ser lie Lys Gly 
225 230 
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SEQ ID NO: 5 

SEQUENCE TYPE: Sub-sequence of amino acid sequence 
represented by (Xaa)jj in SEQ. ID. NO. 2 

SEQUENCE LENGTH: 7 amino acid residues 

5 STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: polypeptide 

ORIGINAL SOURCE ORGANISM: Human 

PROPERTIES: amino acid residues nos. 6 to 12 of soluble 
10 receptor for Y"interferon 

Gly Thr Ala Asp Leu Gly Pro 
6 10 

SEQ ID NO: 6 

SEQUENCE TYPE: Synthetic DNA sequence designated AB697 

15 SEQUENCE LENGTH: 23 bases 

STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: DNA sequence 

ORIGINAL SOURCE ORGANISM: None 

20 PROPERTIES: internal primer corresponding to the 
complement of the sequence in the intracellular region of 
the IFN-7 receptor 



CAGACTGGTT ACTACTTAAA GGT 



23 
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SEQ ID NO: 7 

SEQUENCE TYPE: Synthetic DNA sequence designated AB758 
SEQUENCE LENGTH: 20 bases 
STRANDEDNESS : single 
5 TOPOLOGY: linear 

MOLECULE TYPE: DNA sequence 
ORIGINAL SOURCE ORGANISM: None 

PROPERTIES: 5 1 -primer corresponding to sequence in the 
5 1 -untranslated region of the IFN-Y receptor cDNA sequence 

10 CAGCGACCGT CGGTAGCAGC 20 



SEQ ID NO: 8 

SEQUENCE TYPE: Synthetic DNA sequence designated AB759 
SEQUENCE LENGTH: 20 bases 
STRANDEDNESS: single 
15 TOPOLOGY: linear 

MOLECULE TYPE: DNA sequence 
ORIGINAL SOURCE ORGANISM: None 

PROPERTIES: 3 '-primer corresponding to the complement of 
the sequence in the 3 '-untranslated region of the IFN-7 
20 receptor cDNA 

CTTCAAAGTT GGTGCAACTT 20 
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SEQ ID NO: 9 

SEQUENCE TYPE: Synthetic DNA sequence designated AB812 
SEQUENCE LENGTH: 27 bases 
STRANDEDNESS: single 
5 TOPOLOGY: linear 

MOLECULE TYPE: DNA sequence 
ORIGINAL SOURCE ORGANISM: None 

PROPERTIES: oligomer to' introduce Pst l restriction site 
into the end of the 1.5 kb full-length IFN-y receptor 
10 fragment 

CTATCTGCAG CGACCGTCGG TAGCAGC 21 



SEQ ID NO: 10 

SEQUENCE TYPE: Synthetic DNA sequence designated AB813 
SEQUENCE LENGTH: 30 bases 
15 STRANDEDNESS: single 
TOPOLOGY: linear 
MOLECULE TYPE: DNA sequence 
ORIGINAL SOURCE ORGANISM: None 

PROPERTIES: oligomer to introduce Sail restriction 
20 into the 3' -end of the 1.5 kb full-length IFN-y recec:c: 
fragment 

GTATGTCGAC TTCCAAAGTT GGTGCAACTT 2C 
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SEQ ID NO: 11 

SEQUENCE TYPE: Synthetic DNA sequence designated AB870JF 
SEQUENCE LENGTH: 39 bases 
STRANDEDNESS : single 
5 TOPOLOGY: linear 

MOLECULE TYPE: DNA sequence 
ORIGINAL SOURCE ORGANISM: None 

PROPERTIES : 5* -primer to introduce a Hin dlll restriction 
site close to the codon for glycine (in position no. 6). 'at 
10 the amino terminus of the DNA encoding the soluble IFN-7 
receptor 

GCGCAAGCTT CTGGCACCGC GGATCTGGGG CCGTCCTCA 3 9 

SEQ ID NO: 12 

SEQUENCE TYPE: Synthetic DNA sequence designated AB871JF 

15 SEQUENCE LENGTH: 39 bases 

' STRANDEDNESS : single 

TOPOLOGY: linear 

MOLECULE TYPE: DNA sequence 

ORIGINAL SOURCE ORGANISM: None 

20 PROPERTIES: 3' -primer to introduce a EamHI restriction 
site and a STOP codon at the extra-cellular/transmembrane 
junction of the IFN-y receptor (i.e., the STOP codon after 
glycine at position 231) 



GGCGGATCCT TAACCTTTTA TACTGCTATT GAAAATGAA 



39 
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CLAIMS : 

1. A soluble receptor for ^interferon (IFN-y), which 
consists of the glycosylated or unglycosylated extra- 
cellular moiety of the natural human IFN-? transmembrane 

5 cellular receptor substantially free from other proteins, 
and the functionally equivalent variations thereof. 

2. The soluble receptor of claim 1 which has the 
formula given in SEQ ID NO 2; 

wherein: / 

10 Y is a subsequence of one or more amino-acids 

starting from the carboxyl terminus of the sequence given 
in SEQ ID NO 3; 

Z is a subsequence of one or more amino-acids 
starting from the amino terminus of the sequence given in 
15 SEQ ID NO 4; 

and m, n and p are independently 0 or 1. 

3. The soluble receptor of claim 2, wherein m and n are 
both 1, and the subsequence in Y is given in SEQ ID NO 5. 

4. The soluble receptor of claim 2 wherein: 

20 m r n and p are all 1, and the sequences represented by Y 
and 2 are completely present; i.e., the soluble IFN-7 
receptor has the sequence of amino acids 1-231; or 

m is 1, and n is 1 and p is 0, and the sequence 
represented by Y is completely present; i.e., the 
25 soluble IFN—y receptor has the sequence of amino acids 
1-221; or 
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m is 0, n is 1 and p is 0, and the sequence represented 
by Y begins with < 6 >Gly; i.e., the soluble IFN-y receptor 
has the sequence of amino acids 6-221; or 

m is 0 and n and p are both 1, the sequence represented 
5 by Y begins with < 6 >Gly, and the sequence represented by Z 
is completely present; i.e., the soluble IFN-y receptor 
has the sequence of amino acids 6-231. 

5. The soluble receptor of claim 2 wherein m is 1 and 
the sequence includes an initial serine residue. 

10 6. The soluble receptor of claim 2 wherein m is 1, n is 
1 and p is 0, and the sequence represented by Y begins 
with < 6 >Gly; i.e., the soluble IFN-y receptor has the 
sequence of amino acids Ser+6-221 . 

7. The non-glycosylated soluble receptor of claim 1. 

15 8. The soluble receptor of claim 2 wherein m is 1 and r 
and p are both 1, the sequence represented by Y begins 
with < 6 >Gly, and the sequence represented by Z is 
completely present; i.e., the soluble IFN-7 receptor has 
the sequence of amino acids Ser+6-231. 

20 9. A pharmaceutical composition comprising an effect. iv 
amount of the soluble receptor of claim 1 and a 
pharmaceutical^ acceptable carrier or excipient . 

10. A pharmaceutical composition comprising an effecriv 
amount of the soluble receptor of claim 2 and a 

25 pharmaceutical^ acceptable carrier or excipient. 

11. Plasmid pJFR105-6. 

12 . A method for inhibiting the binding of IFN-7 to 
cells having receptors for IFN-Y, which comprises the 
steps of: 
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administering an effective amount of the soluble 
IFN-y receptor of claim 1 to a medium containing cells 
having receptors for IFN-7; and 

allowing said soluble receptor to compete for the 
5 cell receptors. 

13. A method for inhibiting the binding of IFN-y to 
cells having receptors for IFN-y* which comprises the 
steps of: 

administering an effective amount of the soluble 
1 0 IFN-y receptor of claim 2 to a medium containing cells 
having receptors for IFN-y; and 

allowing said soluble receptor to compete for the 
cell receptors. 
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